Stunting is the core measure of child health inequalities as it reveals multiple dimensions of child health and development status. The main focus of this study is to show the procedure of selecting the most appropriate logistic regression model for stunting by developing and comparing several plausible models, which ultimately helps to identify the predictors of childhood stunting in Bangladesh. This study utilizes child anthropometric data collected in the 2014 Bangladesh Demographic and Health Survey. Valid height-for-age anthropometric indices were available for a total of 6,931 children aged 0-59 months, of which about 36% were stunted. Ordinary logistic, survey logistic, marginal logistic, and random intercept logistic regression models were developed assuming independence, sampling design, cluster effect, and hierarchy of the data. Based on a number of model selection criteria, random intercept logistic model is found the most appropriate for the studied children. A number of child, mother, household, regional, and community-level variables were included in the model specification. The factors that increased the odds of stunting are children older than 11 months, short birth interval, recent morbidity of children, lower maternal education, young maternity, lower maternal body mass index, poor household wealth, urban residential place, and living in Sylhet division. Findings of this study recommend to utilize an appropriate logistic model considering the issues relevant to the data, particularly sampling design and clustering for determining the risk factors of childhood stunting in Bangladesh. Despite this achievement, Bangladesh still has a high prevalence of chronic malnutrition (Grantham-McGregor et al., 2007 
| INTRODUCTION
About four fifths of global undernourished children live in just 20 countries of Africa, Middle East, Asia, and the Western Pacific (Bryce et al., 2008) . Among those countries, Bangladesh is one of the South Asian countries, with two thirds of childhood deaths occurred due to malnutrition (Faruque et al., 2008) . In 2007, 43% of under-five children were stunted and the proportion is about 24% higher in rural Headey, Hoddinott, Ali, Tesfaye, & Dereje, 2015) .
Despite this achievement, Bangladesh still has a high prevalence of chronic malnutrition (Grantham-McGregor et al., 2007) . A Food Security and Nutrition Surveillance Project survey shows that more than 7 million under-five children are still stunted in Bangladesh (Helen Keller International & James P Grant School of Public Health, 2011). A recent small area study on child undernutrition in Bangladesh shows that stunting levels are above the WHO critical threshold of 40% in 39 out of 64 districts (Haslett & Isidro, 2014) . Nutrition status of a child is determined from an index measured from his or her anthropometric measures such as current age, height, and weight. A child is considered as malnourish if his or her anthropometric index is less than −2.00 standard deviation. Measuring nutrition status of children using their anthropometric information is a routine work for all countries. Government and policymakers always track the child malnutrition status as well as explore the associated risk factors. Socio-economic, demographic, environmental, maternal, and child health care-related variables have significant impact on childhood malnutrition. For determining these risk factors of child malnutrition, logistic regression (LR) analysis is one of the mostly used multivariate techniques.
Ordinary LR model is developed based on the independence assumption of response values instead of their plausible correlation in a nested data, and hence, it is only applicable when the survey is conducted under simple random sampling scheme. Consequently, this approach provides invalid inferences in situation where survey data are collected with inclusion of complex survey designs criteria stratification, clustering, and unequal weighting (Hosmer & Lemeshow, 2000; Lee & Forthofer, 2005) .
Survey designers always utilize scientific sampling designs in the sample selection procedure to reduce the risk of a distorted view of the population. If the data are collected using complex survey sampling designs, ordinary LR may lead to bias estimates of parameters and incorrect variance estimates (Habyarimana, Zewotir, & Ramroop, 2014; Liu & Koirala, 2013) . In order to make statistically valid inferences for the population, properties of sampling design need to be incorporated in the logistic analysis. Survey logistic regression (SLR) model provides valid inference by incorporating the properties of sample designs in the analysis and consistent estimates of regression coefficients (Cassy, Natário, & Martins, 2016) .
The ordinary LR analysis has been extended to capture the clustering in a nested data by applying generalized estimating equations (GEE) method in the estimation procedure (Zeger & Liang, 1986) . A logistic model with GEE, that is, correlation-corrected logistic model, is known as the marginal or population-average model, because the random effects are added over the clusters (Ziegler, 2011) . The marginal model is fitted assuming a correlation structure (say exchangeable) among the response values. In contrary, generalized linear mixed model (GLMM) is an extension of generalized linear model including random effects in the model specification, which resulting in subject-specific parameters (Molenberghs & Verbeke, 2005) . The random intercept logistic model is a special case of GLMM, where only the intercept is assumed to vary from subject to subject. The basic differences of GLMM from GEE-based model are in focus of (a) explicit probability model for the origin of the correlations and (b) estimation of random effects with their variances. The benefit of GLMM over GEE and survey logistic model is that the variations in the response values due to different hierarchies of the population can be measured by including level-specific random effects in the model; this is why GLMM is regarded as multilevel model. The sampling design properties can also be incorporated in the multilevel model by including design covariates in the model specification (Pfeffermann, Skinner, Holmes, Goldstein, & Rasbash, 1998) .
The considered logistic-type regression models have been developed in many studies for identifying the risk factors of child malnutrition. In a number of studies, child's age and birth interval, mother's education and nutrition, household wealth status, child feeding index, and incidence of child fever, acute respiratory infection, and diarrhoea are identified as the significant predictors of child malnutrition using ordinary LR (Bhowmik & Das, 2017; Das, Hossain, & Islam, 2008; Das & Rahman, 2011) . Habyarimana (2016) and Makoka (2013) developed SLR model of child malnutrition and found child's sex and birth order and mother's education and body mass index (BMI) as potential factors of child malnutrition. Using GEE logistic model, Ntenda and Chuang (2017) showed that children with a diarrhoeal episode in the last 2 weeks, having a poorly educated mothers, belonging to a low socio-economic household, and living in communities with low female educational attainment are more likely to be malnourished in Malawi. Islam et al. (2018) also used GEE model to show that household with poor asset index, being a male child, and child age are the risk factors of stunting for 12-to 24-month children. Alom, Quddus, and Islam (2012) and Chowdhury et al. (2016) used random intercept logistic model in their study and found that child's age, mother's education and BMI, father's education and occupation, household wealth status, and region of residence are the significant predictors of child malnutrition after accounting the significant community-level variations. 
Key messages
• This study focuses on the selection of the most appropriate logistic model of childhood stunting in Bangladesh assuming nutrition data are independent or correlated or collected through complex sampling design.
• The selected random intercept logistic model shows that about 5% of the variation in childhood stunting could be attributed to community-level factors.
• Child, mother, household, community, and regional-level factors were found significantly associated with child stunting, which recommend interventions at both household and community levels for reducing inequalities in child nutrition vulnerability. Population and Housing Census (NIPORT et al., 2016) . Two-stage stratified sampling design was implemented to select the data: 600 clusters (393 from rural and 207 from urban areas) were drawn with probability proportional to the enumeration area size at first stage and 30 households per cluster were selected with an equal probability systematic procedure at second stage. A total of 17,989 households and 18,245 ever married women were selected for collecting data.
Mothers were asked to provide children information. In total, about 8,550 children aged under 5 years were found for measuring height and weight; however, information were correctly measured for 7,318 children. Finally, 6,931 children with complete and plausible anthropometric indices are considered for the final analysis. Three anthropometric measures height-for-age z-score (HAZ), weight-for-age zscore, and weight-for-height z-score calculated using the WHO 2006 Child Growth Standards (De Onis, 2006) are available in the 2014 BDHS data. Chronic nutrition measure of under-five children is reflected by the HAZ scores, and a child is defined as stunted (i.e., short compared to his or her age) when his or her HAZ score is less than −2.00 standard deviation. A number of explanatory variables at child level (sex, age, birth interval, and episode of diarrhoea), mother level (age, education, and nutrition status), household level (wealth status), community level (place of residence), and regional level (division) have been considered in the study for developing the logistic models. The considered explanatory variables are found significant predictors of child malnutrition in several previous researches (Chowdhury et al., 2016; Das & Rahman, 2011; Kavosi et al., 2014; Siddiqi, Haque, & Goni, 2011) . It is noted that household socio-economic status has been defined based on the quintiles of household wealth index available in the BDHS data set.
| Statistical methods
The chronic nutrition status denoted by Y (1 = stunted and 0 = not stunted) is used as the response variable to develop multiple LR models with and without consideration of sampling design. Let Z ijk and Y ijk denote the HAZ score and the nutrition status of the ith child belonging to the jth cluster in the kth stratum, and let the vector X ijk denote the corresponding values of the considered explanatory variables.
| LR model
The ordinary LR model is one of the most commonly used generalized linear regression models to predict the probability of a child being stunted given the values of explanatory variables (Cox, 1958) . Assuming independence of children and Y ijk~B ernoulli(π ijk ), the LR model can be defined as
where
given X ijk , β 0 is the overall intercept, and β is the vector of regression coefficients. This LR model can be fitted using maximum likelihood method with a suitable iterative process such as the Newton-Raphson algorithm.
| SLR model
The SLR model is actually an LR model incorporating the properties of complex survey design (Berglund, 2014) . In such case, the SLR model is fitted using weighted maximum likelihood estimation method from pseudo-log-likelihood function that accounts sampling design and sampling weight. The basic difference between LR and SLR can be depicted from the pseudo-log-likelihood function of the
where w ijk is the inverse of the selection probability ( 
| Marginal logistic regression model
The LR model ignores clustering nature of the data, and consequently, it underestimates the variability in the data and leads to overdispersion (Aerts, Molenberghs, Ryan, & Geys, 2002 ). An acceptable way to correct such overdispersion is to implement the GEE approach, which is referred hereafter as the marginal logistic regression (MLR) model. The MLR model provides more efficient regression coefficients than the LR model due to consideration of intracluster correlation (ICC) through a correlation structure. Moreover, the MLR model provides consistent estimates even if the working correlation structure is wrong (Fitzmaurice, 1995) . For clustered data, the recommended correlation structure is the exchangeable one, which assumes constant correlation among children in the same cluster (Aerts et al., 2002) . The model specification of the MLR model is the same as the LR model, but the model is fitted utilizing quasilikelihood method accounting a correlation structure. The information criterion based on the quasilikelihood method is the quasilikelihood information criteria.
| Random intercept logistic regression model
The MLR model focuses on estimating the average response over the population, whereas GLMM focuses on subject/cluster-specific estimation (Zorn, 2001 ). Random intercept logistic regression (hereafter denoted by RILR) model is a special form of GLMM, where the intercept is assumed to vary and the slopes are assumed to be constant over the clusters. The RILR model can be defined as
where b oj is random intercept at the cluster level and assumed to follow a normal distribution with constant variance σ 2 u . The likelihood function of GLMM cannot be maximized analytically; however, it is maximized using a proper numerical approximation. The numerical approximation chosen in this case is the so-called adaptive Gaussian quadrature with the number of quadrature points. This method leads to more stable results in estimating both the fixed and random effects with the cluster-specific variance component. The random effects structure can be tested for possible reduction using likelihood ratio test. The basic difference between the MLR and RILR models is that the former is marginal and the latter is conditional to cluster-specific random effects. For details of GEE and GLMM, please see Molenberghs and Verbeke (2005) is the joint test that the parameters associated with that factor are zero (Apeldoorn et al., 2014; Muller & Fetterman, 2002) .
| RESULTS
Higher proportion of stunting are found among the children who are male and 12-35 months old; have birth interval below 24 months and have experience of diarrhoea within last 2 weeks; have illiterate mothers, younger mothers (<19 years at first birth), and acutely malnourished mothers (BMI < 18.5 kg/m 2 ); and live in the poorest household, rural area, and Sylhet division (please see Table 1 ). The policymakers and donors require not only the stunting level but also the associated risk factors in setting up the strategies towards the target of sustainable development goals on stunting. Development of an appropriate model is the norm to correctly identify the risk factors of child malnutrition. The considered LR, SLR, MLR, and RILR models are developed for stunting, and then select an appropriate one based on several selection criteria. The risk factors of stunting will be determined from the selected model.
| Model selection
The heterogeneity factor (1.86) calculated as the ratio of Pearson's chi-square to the degrees of freedom indicates that the LR model violates the independence assumption and hence ignores the ICC and underestimates the standard errors. (Table 2 ). This leads to consider the final model only with random intercept. Table 3 shows the classification rate of the four models and depicts that the RILR model has the highest rate (75%) to correctly classify a group of stunted child. Thus, considering all the performance indicators, the RILR model can be recommended as the best one among the fitted models.
| Identifying risk factors
Likelihood ratio-based Type 3 analysis of the considered factors shown in Table 4 indicates that all the considered factors (except sex of the children) are significant in the LR and RILR models, whereas child's birth interval, mother's BMI, and place of residence are not found significant in the SLR and MLR models. According to the best model RILR, it can be mentioned that child-level factors age, birth interval, and incidence of diarrhoea; mother-level factors age, education, and nutrition status; household-level factor economic status; community-level factor place of residence; and regional factor division have highly significant effects on child stunting.
The estimated regression coefficients in the SLR and MLR models are found very similar as expected because each of the models provides cluster average factors effects, whereas the estimates from RILR are found slightly higher, which are theoretically expected and consistent (Agresti, 2013) . The RILR model is a cluster-specific model; hence, its parameter estimates are interpreted differently from other models. Table 5 shows the risk of being stunted for children from a specific background based on the estimated coefficients of the RILR model.
| Interpretation of the estimates
The odds ratio is found about 5 times higher for the 24-to 35-month age group children followed by 12-to 23-month age group compared with the infants. Children with 24-to 47-month birth interval were 32% more likely to be stunted compared with the children with 48+-month birth interval and first birth order. Episode of diarrhoea during the last 2 weeks of survey is found as a highly significant factor of childhood stunting with odds ratio 1.57. The odds of being stunted decreases with increasing mother's education status. Children of illiterate mothers are found to have about 1.92 times higher odds ratio compared with those of higher educated mothers. Children of acutely malnourished mothers (BMI < 18.5 kg/m 2 ) were 27% more likely to be stunted compared with the children of nourish mothers (BMI ≥ 18.5+ kg/m 2 ). The odds of a child being stunted also decreased along with household economic status. The risk is about 4 times higher for the children of the poorest household compared with those of the richest household. According to regional settings, the odds of a child being stunted was 59% higher for the children living in Sylhet division and about 30% lower for the children living in Rajshahi and Khulna divisions compared with the children of Dhaka division. It is noteworthy to mention that stunting was less prevalent among under-five rural children (odds ratio 0.83; 95% confidence interval [0.71, 0.96], P < 0.02) after controlling the other factors. The ICC calculated by the estimator of cluster-specific variance component showed that 5% of the variation in the odds of childhood stunting could be raised due to the cluster-level factor. The variations in childhood stunting across cluster remained statistically significant, even after adjusting for child, mother, household, regional, and community-level factors in the model specification (Table 2) .
| DISCUSSION
The study has examined child, mother, household, regional, and com- 
TABLE 1 Estimated regression coefficients with their standard errors obtained from logistic regression (LR), survey logistic regression (SLR), marginal logistic regression (MLR), and random intercept logistic regression (RILR) models
Factor Category and then the risk decreases gradually with the age category. These findings support the previous studies conducted by Adekanmbi, Kayode, and Uthman (2013) and Shrimpton et al. (2001) , which revealed that the rate of stunting decreases after 24 months but at a much slower rate. One of the hidden reasons of such results may be the deficiency of supplementary foods after 6 months of age, when only the breastfeeding is insufficient for getting all the required nutrients.
Birth interval is found to have inverse relationship with childhood stunting in this study as previous relevant studies (Rayhan & Khan, 2006) . The fitted RILR model confirms that the lower the birth interval, the higher the risk of malnutrition, which suggest that mothers should take adequate interval before conceiving the next baby.
Diarrhoea is an important cause of childhood death and illness in developing countries. However, it remains controversial as to whether diarrhoea leads to stunting. The fitted RILR model of the study shows a significant association of child stunting with diarrhoea, similar to a recent multicountry study on the effect of diarrhoeal episode on childhood stunting (Checkley et al., 2008) . Our study also shows that children having diarrhoea within the last 2 weeks of the survey are more likely to be stunted compared with their counterparts, which is supported by a previous research (Lutter et al., 1989 ).
Mother's education status is negatively related to the risk of having stunted children in this study as found in other relevant studies (Abuya, Ciera, & Kimani-Murage, 2012; Das & Rahman, 2011) . The fitted RILR model shows decreasing odds ratios with the improvement of mother's education; particularly, mothers with no education had about double risk of having malnourished children compared with highly educated mothers. These findings support that higher educated mothers are more conscious about their children's health and are able to introduce new feeding practices scientifically that might help to improve children nutrition status.
Children born to young mothers (<19 years) at their first birth had always higher risk of being stunted, and such possibility has been confirmed in the fitted RILR model. Similar result was documented in a previous study carried out in Nigeria, which gives further proof that mother's age is a significant predictor of childhood stunting (Adekanmbi et al., 2013) . Thus, the findings suggest that, when a mother gives birth in the very early stage, the born baby may not have normal growth in far future. As expected, the study found that acutely malnourished mothers have higher risk of having stunted children compared with nourished mothers. Such findings have also been documented in other child nutrition studies (Uthman, 2008) . The potential reason may be the inability of acutely malnourished mothers to provide sufficient breast milk (Fuchs, Sultana, Ahmed, & Iqbal Hossain, 2014) .
Children living in households with higher income are expected to have better nutrition than those of lower income households (Kanjilal, Mazumdar, Mukherjee, & Rahman, 2010) . The estimated regression coefficients corresponding to the household economic status increase with the increasing order of economic status. The fitted RILR model
shows that the children living in the poorest households had quadruple times risk of being stunted than those of the richest households. Similar findings were also reported in relevant studies carried out in different developing countries including Bangladesh, which give further proof that poverty is a significant predictor of stunting (Agho et al., 2009; Monteiro et al., 2009; Semba et al., 2008) . Household with increasing access to better food, education, accommodation, and health care facilities ultimately ensures better maternal and child nutrition status. Thus, household wealth status has both direct and indirect significant influence on child malnutrition.
A significant residential difference in stunting is also observed in this study. The estimated regression coefficient indicates that children living in rural areas have lower odds of being stunted compared with those living in urban areas. These converse results may be due to the influence of other predictors. One of such influential predictors may be selecting more slums in urban areas especially in the capital city Dhaka, where bulk share of population is living. The same scenario has also been experienced in a recent study using 2011 BDHS child nutrition data (Bhowmik & Das, 2017) .
The regional-level variable division is also found to have significant association with child chronic malnutrition in Bangladesh. It is observed that the associated regression coefficients in the RILR model significantly vary with the regional settings. The children belonging to Rajshahi division had significantly lower risks of being malnourished, whereas children belonging to Sylhet division are more vulnerable compared with children of Dhaka division. A recent study has also found such significant association between region and stunting (Kamal, 2011) . Finally, application of multilevel analysis in this study allowed to consider variations in childhood stunting at community level, although the variations were found to originate mainly from child, mother, household, and regionallevel factors.
| Study strengths and limitations
Major strength of this study is the representativeness of the utilized nutrition data of Bangladesh, which leads to valid findings for the study population, and also, the findings can be generalized if applied to similar populations. This study is also population based with a large sample, and the participants' response rate was over 98%, which leads to small amount of missing information in the data. Moreover, the statistical methods applied in this study are able to give consistent results by ignoring the missing information on diarrhoea incidence only for six children. In addition, this study has used multilevel LR analysis that has capability to account the variations due to other factors beyond individual-level factors. This study also provides an idea of using different approaches of LR analysis such as considering design effects and population hierarchy in the model specification and making comparison among the logistic models to choose the most appropriate model for the considered data. This comparison of statistical methods might be helpful for future researches. Lastly, the BDHS data are the best data available in Bangladesh and are used by both national and international agencies and hence give credibility to the worthiness of this study.
An important limitation of this study is the consideration of twolevel units (children level 1 and cluster level 2) in the development of multilevel logistic model, which could be a source of selection bias. level model) in GLIMMIX procedure. Lastly, the models are hierarchical and highly structured, and hence, diagnostics of the residuals are not totally straightforward (Verbeke & Molenberghs, 2000) and are beyond the scope of this research.
| Policy implications
The findings of this study have some policy implications relevant to child nutrition vulnerability and the second sustainable development goal of ending all forms of malnutrition including stunting and wasting by 2030. There is an obvious need to reduce economic inequalities and ultimately poverty among the households to reduce inequalities.
Government adult literacy programmes with special focus on child health and nutrition should be organized particularly for women. In addition, government should ensure that female children are given appropriate formal education. Any intervention by government and/ or non-government organizations aiming to improving under-five children nutrition status should give special attention to the regions with a high rate of childhood stunting particularly in Sylhet division.
Government programmes concerned with child diseases should be established in such a way that they should have contribution in the reduction of disease-based (such as diarrhoea and pneumonia) childhood stunting. Government should strictly implement the existing child marriage law particularly at rural areas. Establishment of women health care services with special attention to maternal and child health and nutrition would also help to reduce the degree of growth retardation among the children and mother. Further studies on establishing causal relationships between child malnutrition and morbidity factors might be useful for lessening child nutrition vulnerability.
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